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Abstract   
Honey is a popular natural food product with a very complex composition comprising both organic and 
inorganic constituents. The composition of particular honey is strongly influenced by both natural and 
anthropogenic factors, which vary based on its botanical and geographical origins. It is observed that although 
the honey which are produced in Libya are of a good quality, it does contain heavy metals. The contents of the 
metals found in Libyan honey samples were found to be between 465.1-792 mg/kg for Na, 1100.8-1781.6 
mg/kg for K, 927.79-1186.6 mg/km for Ca, 0.0033- 0.0177 mg/kg for Cd, 0.0029- 0.0241mg/kg for Pb, 0.0012- 
0.0042mg/kg for Cr, 0.004-0.032 mg/kg for Cu, 0.72-1.37 mg/kg for Ni and 3.677-7.430 mg/kg for Zn. These 
results indicated that the quality of the Libyan honey samples tested was very good and matched the world 
standard properties of honey. Also, the Libyan honey samples examined have a high level of phenolic (792- 99 
mg/kg ) and flavonoid (1012-687mg/kg) compounds compared with other honey. 
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1. Introduction 
[1.] Honey is a natural product produced by honey bees (Apis mellifera) that collect the nectar from flowers and 
convert it into a delicious food product that is known to be a better nutritional option to plain sugar [1]. Honey 
also contains minerals and heavy metals which play important roles in determining its quality. The mineral 
content varies, ranging from 0.04% in pale honey to 0.20% in darker honey [2].  Since honey bees can fly up to 
4 km in all directions from their apiary, thus having access to a foraging area of about 50 km2 [3], and the bees 
come in contact not only with the atmosphere  but also with soil and water, the concentration of heavy metals  
in honey can reflect their  presence in the region [4]. The major minerals in honey are mainly derived from the 
soil and nectar-producing plants, but they may also appear from anthropogenic sources, such as environmental 
pollution. It has been reported that micro- or trace minerals originating from organic or plant sources are 
important for maintaining human health, while those which originate from inorganic or metallic sources, such 
as heavy metals, can be toxic to humans [5,6]. Reports indicate that honey samples collected in industrial 
regions had higher heavy metal content (Cd, Pb, Hg, Zn, Cu, Ni and Cr) than those obtained from rural areas. 
The accumulation of toxic metals in the human body causes side effects that are detrimental to health, so the 
determination of heavy metal content in honey is a critical factor for human nutrition and safety [7]. Plant 
polyphenols are primarily natural antioxidants having several beneficial functions as reducing agents, metal 
chelators, and singlet oxygen quenchers [8]. Flavonoids and simple phenolic derivatives such as phenolic acids 
comprise the majority of plant polyphenols and are considered as the main source of antioxidants in honey [9]. 
The average antioxidant contents of honey have been determined and found to correlate  with their phenolic 
content [10]. Polyphenols have also been reported to affect the flavor [11] and the physical appearance of 
honey, particularly the honey color [12]. Bertoncelj et al. [13] reported a positive correlation between the 
phenolic content, coloring, and antioxidant activity in honey. Flavonoid profiles in honey generally vary widely 
and they differ according to their floral and geographical origins [14]. Also, Maurya et al. [15] have stated that 
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the botanical origin of honey has the greatest influence on its antioxidant and phenolic  content while  
processing handling and storage affect honey only to a minor degree. Our objectives in this study were to 
analyze nine metallic elements and the phenolic and flavonoid content of ten honey samples from five honey 
producing regions in Libya. 
1. Material and Methods   
2.1 Sampling  
Ten different honey samples obtained from a local market in Misurata, Libya and seven samples were taken 
from each honey as described in Table1. The honey samples collected were labeled (H1 - H10) for ease of 
identification. All samples were stored in glass jars and kept under refrigeration at 4 °C until needed for the 
different analyses. All chemicals used were of analytical reagent grade. 
Table (1). Ten types of Libyan honey samples 
Sample code Local name 
Honey type/floral 
source 
Location Colour (OD) 
H1 Elseder Ziziphus lotus 
Valley of Sasso 
Misurata 
0.867 
H2 Kasool Mesembryanthemum Alzarrog Misurata 0.809 
H3 Bersim Trefoil Alseket Misurata 0.921 
H4 Elateal Tamarix aphylla Al- Jufra 0.937 
H5 Elrabee Multiflora Alseket Misurata 1.465 
H6 Elkafoor Eucalyptus Thanh Misurata 1.054 
H7 Habet albaraka Nigella sativa 
Valley of Sasso 
Misurata 
1.13 
H8 Elzaater Thymus capitatus Thomas 0.666 
H9 Elkabat Forest honey Shahat 1.76 
H10 Hazmat Citrus Al-Zahra Tripoli 0.958 
2.2 Heavy metal analysis of honey samples 
Specimens (~ 1.0 g) of honey samples were weighed accurately in a covered vessel and 6.0 ml of HNO3 (65%) 
were added. The mixture was allowed to stand at room temperature until the initial reaction had subsided and 
then 2.0 ml of H2O2 (30%) were also added. The mixture was then transferred to a microwave unit (MARS6 
Microwave Digestion- CEM Microwave Technology Ltd) and then the microwave program was started, setting 
the appropriate time and wattage. The vessel was cooled, and the contents carefully rinsed with deionized water  
three times, transferred to a beaker, and filtered into a 25.0 ml volumetric flask and made up to the mark with 
deionized water. The toxic heavy metals concentrations were evaluated using an atomic absorption 
spectrometer (Hitachi 30-180 Spectrophotometer; Hitachi Ltd, Japan) fitted with a hollow cathode lamp. Blank 
standard heavy metal solutions of 1000 ppm concentration were diluted accurately to 3, 2.5, 2, 1.5, 1.0, 0.5, 0.1, 
0,05 ppm concentrations and aspirated before the analysis of the digested solutions of honey samples was 
carried out using AOAC methods [16]. 
2.3 Quality Control 
 Quality control of this test procedure was assured by using certified reference materials.  Analyses of certified 
reference materials allowed an assessment of accuracy and precision over a range of element concentrations  to 
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be made.  The observed values correlated well with the certified values as shown in Table 2. The accuracy of the 
microwave digestion method was checked using the standard reference materials. Three replicates were taken 
for each sample of certified reference material and two measurements were performed for each digested sample  
used. 
Table 2. Trace and Essential elements concentrations in certified reference material 
Element Certified data (ppm) 
Experimental data 
(ppm) 
Recovery (%) 
Na 10 9.97 99.7 
K 10 9.98 99.8 
Ca 10 9.96 99.6 
Cu 10 9.98 99.8 
Cr 10 9.95 99.5 
Cd 10 9.98 99.8 
Pb 10 10.1 101 
Zn 10 9.97 99.7 
Ni 10 9.93 99.3 
2.4 Total phenolics 
The total phenolic content of the honey samples was measured using the Folin-Ciocalteu method according 
to Socha et al., [17] and Ferreira et al., [18]. The honey stock solutions were prepared at a concentration of 0.04 
g/ml of distilled water. A 0.5 ml aliquot of the stock solution was mixed with 0.3 ml of the Folin-Ciocalteu reagent 
followed by the addition of 2 ml of a 15% solution of sodium carbonate. Distilled water was added to make up 
to 5 ml and the mixture was incubated for 2 hrs. The absorbance of the mixture was measured at a wavelength 
of 798 nm. A standard curve for gallic acid was prepared for quantification calibration, using a concentration 
range between 8 and 40 mg/l, and the results were expressed as mg gallic acid/kg honey. 
2.5 Total flavonoids 
The total flavonoid content in the honey samples was determined according to the method of Zhishen et al., 
[19]. One ml of the diluted honey specimen (0.2 g/ml) was mixed with 4 ml of distilled water followed by the 
addition of 0.3 ml of 5% sodium nitrite solution. After 5 min, 0.3 ml of 10% aluminum chloride solution was 
added, and six minutes later 2 ml of 1M of sodium hydroxide solution was added and the volume was made up 
to 10 ml using distilled water. The mixture was shaken and the absorbance was measured at 510 nm using a 
spectrophotometer. A calibration curve was made using a standard solution of catechin over the concentration 
range 20–100 mg/l. The results were presented as mg of catechin equivalents per kg of honey.  
2. Results and Discussion 
3.1 Metal Content Analysis 
Average metal concentrations in the honey samples are given with their standard deviations in Tables 3, 4. As 
the Libyan Standard Legislation for honey does not set a maximum limit for the presence of metals in honey, so 
noticeable contents of heavy metals imply observable contamination with these metals. 
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Table 3. Average Na, K and Ca concentrations in the honey samples (mg/kg) and their standard 
deviations 
Sample code Na K Ca 
H1 702.2 ±7.38 1781.6 ±13.84 1014.7 ±9.16 
H2 552.1 ±22.71 1623.1 ±21.32 1067.5 ±8.18 
H3 634.1 ±11.21 1372.4±13.24 1164.8 ±20.22 
H4 465.1±33.42 1462.5 ±14.96 1186.6 ±19.01 
H5 632.4 ±23.14 1466.9±10.16 1183.4 ±10.8 
H6 792.3 ±1.16 1189.5 ±9.87 983.46 ±11.3 
H7 593.1 ±32.16 1100.8 ±3.01 979.22 ±10.1 
H8 645.3 ±2.42 1428.1±11.79 927.79 ±4.43 
H9 632.1 ±75.85 1154±23.85 1095.48 ±9.25 
H10 719.6 ±2.28 1314.3±21.54 989.26 ±11.95 
The study shows that potassium, calcium, and sodium are the most abundant elements in all the honey samples 
studied. The highest values of potassium, calcium, and sodium content of the honey samples studied here were 
1781.6 ±13.84, 1186.6 ±19.01 and 792.3 ±1.16 mg/kg, respectively. Table 2 and Fig.1 show that the major 
elements occur in the order K > Ca > Na for our honey samples. The high concentration of potassium found in 
the honey samples can be attributed to the high levels of potassium ions that occur in the plant tissues. 
Moreover, the differences in metal content may be attributed to the environment and to the soil found in the 
sample locations. Comparing the values of the essential elements Na, K, and Ca obtained from the honey 
samples with the values reported earlier by Awad [20], we observed that the range of concentrations of Na from 
465.1±33.42 to 792.3 ±1.16 mg/kg, were lower than the values reported by Awad [19], namely 961.0 to 2110 
mg/kg. The analogous values for Ca were 927.79 ±4.43 to 1186.6 ±19.01 mg/kg, which are lower than the values  
reported by Girliane [21] for Brazilian (Gandara) honey 1864 to 3424.9 mg/kg. Saadiyat et al., [22] reported that 
the potassium content in Brazilian honey samples ranged from 5918.5 to 13366.6 mg/kg. Although described 
as essential metals, high concentrations of Na, K, and Ca also produce toxic effects when the metal intake is 
excessively increased.  
 
Fig. 1 Distribution of sodium, potassium, and calcium in honey samples 
 
0
500
1000
1500
2000
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10
m
g/
kg
Samples
Na
K
Ca
To Chemistry Journal Vol 4 (2019) ISSN: 2581-7507                                                       http://purkh.com/index.php/tochem 
41 
Table 4. Average Cu, Cr, Cd, pb, Ni and Zn concentrations in the honey samples (mg/kg) and their 
standard deviations 
Sample 
code 
Cu Cr Cd Pb Ni Zn 
H1 0.021±0.008 0.0027±0.0003 0.0115±0.0037 0.0146±0.002 0.96±0.05 3.705±0.01 
H2 0.025±0.005 0.0023±0.0002 0.0163±0.0055 0.0043±0.001 0.94±0.01 7.185±0.03 
H3 0.017±0.004 0.0020±0.0001 0.0040±0.0012 0.0142±0.002 0.85±0.01 4.833±0.02 
H4 0.004±0.001 0.0012±0.0002 0.0033±0.0015 0.0029±0.001 1.11±0.01 6.476±0.06 
H5 0.021±0.003 0.0035±0.0003 0.0040±0.0011 0.008±0.001 1.22±0.02 4.885±0.12 
H6 0.022±0.006 0.0025±0.0007 0.0177±0.0068 0.009±0.002 0.86±0.05 6.030±0.15 
H7 0.032±0.005 0.0042±0.0003 0.0033±0.0015 0.004±0.001 0.72±0.03 7.430±0.13 
H8 0.007±0.004 0.0032±0.0004 0.0042±0.0011 0.003±0.001 0.78±0.07 3.677±0.02 
H9 0.008±0.001 0.0022±0.0008 0.0033±0.0016 0.003±0.001 0.73±0.06 6.340±0.01 
H10 0.006±0.002 0.0027±0.0001 0.0043±0.0005 0.0241±0.005 1.37±0.04 6.94±1.13 
From Table 4 and Fig. 2, it can be seen that the mean values of Cd metal concentration in honey samples fall in 
the range of 0.0033±0.0016 to 0.0177±0.0068 mg/kg. The results show there is no significant difference in the 
concentration of Cd in any of the samples. These results were lower than those reported by Rashed and Soltan 
[23] for Egyptian honey, namely 0.1 to 0.5 mg/kg, and Saadiyat et al., [22] for Saudi Arabian honeys, namely 0.1 
to 0.16 mg/kg, and are also lower than the recommended value reported by the Standard Codex limit of 0.05 
mg/kg [24]. According to the maximum limit for cadmium content set by the European Legislation (0.1 mg/kg),  
all the Libyan honey samples examined here have much lower values of cadmium metal contamination [25]. 
 
Fig. 2 Distribution of Chromium, Cadmium, Lead and Copper in honey samples 
The mean values of lead content in the honey samples studied ranged from 0.0029±0.001to 0.0241±0.005 
mg/kg, and were clearly lower than the values reported by the Codex (less than 0.1 mg/kg). However, it is 
reported that the maximum Pb levels in honey samples are normally 0.5 mg/kg [26], but in the European Union 
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Member States, the maximum permitted Pb level in honey samples is 1.0 mg/kg [27]. When comparing the 
mean value range of Pb content determined in the current study with those found in Argentinian, Australian 
and Brazilian honey, the highest values of Pb concentration appeared in the Argentinian, Australian and Brazilian 
honey samples, namely 115.17 to 332.33 mg/kg, whilst the Pb values in the Egyptian honeys range from 4.12 to 
9.3 mg/kg. Saadiyat et al. [22] reported that the Pb content in Turkish honey ranged from 8.4 to 44.1 mg/kg. 
Salama et al. reported that the Pb content in honey from the west of Libya ranged from 2.42 to 10.98 mg/kg 
[28]. A high concentration of Pb ions in honey described in other studies may indicate a possible source ascribed 
to environmental pollution, as revealed by Lambert et al. [29]. The honey samples contained a chromium 
concentration from 0.0012±0.0002 to 0.0042±0.0003 mg/kg as shown in Fig. 2, with an average value of 0.00265 
mg/kg. Reported chromium concentration values in the literature for honey were 0.010–0.10 mg/kg [30] and 
0.043–1.07mg/kg [31]. The values for the Cr content in our samples are generally lower than the levels reported 
in the literature [30, 32]. Copper is one of the essential metals that may be present in small amounts in honey. 
It is not toxic if it is present in only a limited amount. Although the Libyan Standard Legislation of honey 
recommended the absence of copper metal, it was detected in all honey samples  tested here. Its concentration 
ranged from 0.004±0.001mg/kg (sample H4) to 0.032±0.005mg/kg (sample H7). Italian legislation [33] for the 
presence of copper metal in honey sets a limit at 0.216 mg/kg. According to Italian legislation, all the honey 
samples under investigation were found to be not contaminated. On the other hand, the Nigerian regulation 
[34] has set a rather high limit of 35 mg/kg for the presence of copper metal content in honey samples, and this 
means that the copper metal content of Libyan honey samples is significantly lower than this permissible limit. 
 
Fig. 3 Distribution of Zinc and Nickel in honey samples 
Zn is generally considered to be an antioxidant and is found in nearly 100 specific enzymes. The lowest and the 
highest Zn concentrations in our specimens were 3.677±0.02 mg/kg in honey sample H8 from Khoms and 
7.430±0.13mg/kg in honey sample H7 from Valley of Sasso, Misurata, respectively, as shown in Fig.3. The 
average value for Zn content of 5.75mg/kg was slightly lower than that found in the analysis of Anatolian honey 
samples with a mean level of 1.1–12.7 mg/kg [21] and Eastern Slovakian honey samples with a range of 1.59–
13.03 mg/kg [8]. Zinc values in honey samples have been reported in the range of 0.18-19.1 mg/kg [39], 1.15- 
4.95 mg/kg [4], 1.6-22.5 mg/kg [41], and 4.17-22.3 mg/kg [35]. The lowest and highest nickel concentrations in 
our specimens were found to be 0.72±0.03 mg/kg in the honey sample H7 from the Valley of Sasso, Misurata 
and 1.37±0.04 mg/kg in the honey sample H10 from Al-Zahra, Tripoli. Nickel values in the literature have been 
reported in the range 0.23–0.27 mg/kg [40] for honey samples from Italy. The nickel levels in our samples are 
higher than those reported by Caroli [35] for Italian honey. 
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Table 5. Total phenolic contents and flavonoids in Libyan honey samples 
Sample code Phenolics (mg/kg) Flavonoids (mg/kg) 
H1 828±1.5 687±1.2 
H2 962±3.5 789±3.5 
H3 904±1.2 889±1.5 
H4 792±4.1 973±2.1 
H5 946±2.1 883±1.5 
H6 912±2.5 992±3.5 
H7 882±1.9 709±1.4 
H8 873±5.3 993±1.6 
H9 994±2.3 1012±1.1 
H10 802±1.8 945±1.5 
3.2 Total phenolics 
The total content of phenolics ranged between 792±4.1 and 994±2.3 mg/kg as shown in Table 5. Generally, our 
samples show a higher phenolic content compared with honey from other countries. For example:  Malaysian 
honey 305.5–419.9 mg/kg [39]; Czech honey 39.2–167.1 mg/kg [40]; Portuguese honey 132.2–727.8 mg/kg [18] 
and Brazilian honey 250–548 mg/kg [41]. The most similar phenolic contents to Libyan honey were reported for 
Mexican honey, namely, 621.3–1368.4 mg/kg [46]; Moroccan honey, 239.5–1138.5 mg/kg [43] and Argentinian 
honey 401.8–1188.2 mg/kg [44]. The high phenolic content in the Libyan honey studied here confirmed the 
good quality of the honey. The variation in the phenolic content for our samples compared favorably with those 
from different countries and this is dependent upon the different geographical and botanical sources of honey. 
3.3 Total flavonoids 
The total flavonoids in our samples were highest in the H10 (Al-Zahra Tripoli) sample which averaged 1012±1.1 
mg/kg, while in the H1 (Valley of Sasso, Misurata) sample the average was 687±1.2mg/kg. These results were 
higher than the corresponding values reported for Argentinian honey 69.4–677.6 mg/kg [43]; Portuguese honey 
123.6–587.4 mg/kg [18]; Moroccan honey 11.7–179.1 mg/kg [40] and Malaysian honey 135.3–165.3 mg/kg [39]. 
The higher flavonoids found in our samples compared with others could be due to botanical and geographical 
differences as well as to climate and environmental factors such as humidity, temperature and soil composition.  
3. Conclusions 
Ten honey samples were collected from markets in Misurata, Libya. The results of this study clearly show that 
honey samples collected from eight locations in the west of Libya have good properties and high concentrations  
of essential elements and may be considered as a useful dietary source of these elements for human 
consumption when taken freshly in crude form or manufactured in honey products. The Libyan honey studied 
here compared favorably with honey from other countries and were rich in phenolics and flavonoids, confirming 
that this honey can be used as natural food ingredients as well as a rich source of antioxidants in the human 
diet. 
4. Conflicts of Interest 
The authors declare that they have no conflict of interest regarding the publication of this paper. 
5. References 
1. Vanhanen LP, Emmertz A, Savage GP., Mineral analysis of mono-floral New Zealand honey. Food 
Chem., 128 (2011) 236–40. 
To Chemistry Journal Vol 4 (2019) ISSN: 2581-7507                                                       http://purkh.com/index.php/tochem 
44 
2. Bogdanov S, Haldimann M, Luginbuhl W, Gallmann P., Minerals in honey: environmental, 
geographical and botanical aspects. J Apic. Res., 46 (2007)269–75. 
3. Hoopingarner RA, Waller GD. (Crop pollination, in J.D. Graham (Ed.)., The Hive and the Honey Bee 
Dadant Sons, Hamilton, IL, (1993) 1043–1082. 
4. Ioannidou MD, Zachariadis GA, Anthemidis AN, Stratis JA., Direct determination of toxic trace metals 
in honey and sugars using inductively coupled plasma atomic emission spectrometry. Talanta, 65 (1 ), 
(2004) 92–97. 
5. Hernandez O, Fraga J, Jimenez A, Jimenez F, Arias J.  Characterization of honey from the Canary 
Islands: determination of the mineral content by atomic absorption spectrophotometry. Food Chem., 
93 (2005) 449–58. 
6. Pohl P., Determination of metal content in honey by atomic absorption and emission spectrometries. 
TRAC, 28 (2009) 117–28. 
7. Tuzen M., Soylak M., Trace heavy metal levels in microwave digested honey samples from Middle 
Anatolia, Turkey. J Food Drug Anal., 13(4), (2005) 343-347. 
8. Duthie G, Dutie S.J., Kyle J.A.M., Plant polyphenols in cancer and heart disease: implications as 
nutritional antioxidants. Nutr. Res. Rev., 13 (2000)79–106.  
9. Bravo L., Polyphenols: chemistry, dietary sources, metabolis, and nutritional significance.  Nutr. Rev., 
56(11) (1998) 317–333. 
10. Gheldof N., Wang X., Engeseth N., Identification and quantification of antioxidant components of 
honey from various floral sources. J. Agric. Food Chem., 50(21) (2002) 5870–5877. 
11. Steeg E., Montag A., Minor ingredients of honey with flavour relevance. II. Sensorially active 
decomposition products of carboxylic acids and glycosidase bonded aromatics. Dtsch. Lebensm. 
Rundsch., 84 (1988) 147–150 
12. Isla M., Craig A., Ordõnez R. Physico chemical and bioactive properties of honey from Northwestern 
Argentina. Lebensm. Wiss. Technol., 44(9) (2011) 1922–1930 
13. Bertoncelj J., Doberšek U., Jamnik M., Golob T., Evaluation of the phenolic content, antioxidant activity 
and color of Slovenian honey. Food Chem.,105 (2007) 822–828 
14. Soler C., Gil M.I., Garcia-Viguera C., Thomas-Barberan F.A., Flavanoid patterns of French honey with 
different floral origin. Apidologie., 26 (1995) 53–60 
15. Maurya S., Kushwaha A., Singh S., Singh G., An overview of antioxidative potential of honey from 
different flora and geographical origins. Indian J. Nat. Prod. Res., 5(1) (2014)9–19. 
16. AOAC, Official methods of analysis, 12th Edn., Association of Official Analytical Chemists, Washington, 
DC, (1995). 
17. Socha R., Juszczak L., Pietrzyk S., Fortuna T., Antioxidant activity and phenolic composition of herb 
honeys. Food Chem., 113 (2009) 568–574. 
18. Ferreira I.C., Aires E., Barreira J.C.M., Estevinho L.M., Antioxidant activity of Portuguese honey samples: 
different contributions of the entire honey and phenolic extract. Food Chem.,114 (2009)1438–1443 
To Chemistry Journal Vol 4 (2019) ISSN: 2581-7507                                                       http://purkh.com/index.php/tochem 
45 
19. Zhishen J., Mengcheng T., Jianming W. The determination of flavonoid contents in mulberry and their 
scavenging effects on superoxide radicals. Food Chem., 64 (1999)555–559. 
20. Awad M.H., Aborawi M.E., Physicochemical characterization of honey from Kasr Khiar and Garaboli 
areas-Libya, Asian J. Plant Sci. Res., 6(1) (2016) 8-12. 
21. Girliane R., Silva D., Identification of sugar, amino acids and minerals from the pollen of Jandaira 
stingless bees (Melipona subtidal), Food Nutr. Sci., 5 (2014) 1015-1021. 
22. Saadiyat A.D., Ameera H.H., Determination of Heavy metals and trace element levels in honey 
samples from different regions of Iraq and compared with other kind, Am. J. Appl. Chem., 3(3) (2015) 
83-92. 
23. Rashed M., Soltan M., Major and trace elements in different types of Egyptian mono-flora and non-
flora bee honeys, Jour. Food Comp. Anal., 17 (2004) 725735. 
24. Codex, Honey codex alimentarius commission, FAO/WHO, (1994). 
25. The Council of The European Union, “Council Directive 2001/110/EC of 20 December 2001 Relating to 
Honey,” Official Journal of the European Communities, 10 (2002) 47-52. 
26. Karaman F., Martin L., Heavy metal in finish honey, Apiacta 35 (2000) 85-95. 
27.   Bogdanov S., Zimmerli B., Erard M., Heavy metals in honey, Mitt Gebiete Lebensm 77 (1985) 153-
158. 
28. Salama A.S., Etorki A.M., Awad M.H., Determination of Physicochemical Properties and Toxic Heavy 
Metals Levels in Honey Samples from West of Libya, J. Adv. Chem. Sci., 5 (1) (2019) 618–620 
29. Lambert O., Piroux M., Puyo S., Thorin C., Larhantec M., Delbac F., Pouliquen H., Bees, honey and 
pollen as sentinels for lead environmental contamination. Environ Pollut., 170 (2012) 254-259.  
30. Graseweka R., Nabrezyski M., Gajek O., Trace Metals in Bees Honey, Bromatologia İchemia 
toksykologiczca, 17(3) (1984) 259-260. 
31.  Sevimli H., Bayulgen N., Varinlioglu A., Determination of trace elements in honey by INAA in Turkey, 
J. Radıoanal. Nucl. Chem., 165 (1992) 319-325. 
32. Yilmaz H., Yavuz O., Content of some trace metals in honey from south-eastern Anatolia. Food Chem. 
65 (1999) 475-476. 
33. Przybylowski P., Wilenzynka A., Honey as an Environmental Marker, Food Chemistry, 74 (2001) 289-
291. 
34.   Tuzen M., Determination of some metals in honey samples for monitoring environmental pollution. 
Fresenius Environ. Bull. 11 (2002) 366-370. 
35. Caroli S., Forte G., Lamiceli A. L., Galoppi B., Determination of Essential and Potentially Toxic Trace 
Element in Honey by Inductively Coupled Plasma-Based Techniques, Talanta, 50 (2) (1999) 327-336. 
36. Adebiyi F., Akpan I., Obiajunwa E. I., Olaniyi H. B., Chemical and Physical Characterization of Nigerian 
Honey, Pakistan Journal of Nutrition, 3( 5) (2004) 278-281. 
To Chemistry Journal Vol 4 (2019) ISSN: 2581-7507                                                       http://purkh.com/index.php/tochem 
46 
37. Hernandez O. H., Fraga J. M. G., Jimenez A. I., Jimenez F., Arias J. J., Characterization of honey from the 
Canary Islands: Determinatıon of the mineral content by atomic absorption spectrometry. Food 
Chem. 93 (2005) 449-458. 
38. Downey G., Hussey K., Kelly J. D., Walshe T. F., Martin P. G., Preliminary contribution to the 
characterization of artisanal honey produced on the İsland of Ireland by palynological and physico -
chemical data. Food Chem. 91 (2005) 347-354. 
39. Khalil I., Sulaiman S., Alam N., Ramli N., Mohamed M., Bai's S., Hua G. Content and antioxidant 
properties of processed Tualang honey (agromas®) collected from different regions in Malaysia.  Int. 
J. Pharm. Pharm. Sci., 4(3) (2012) 214–219. 
40. Lachman J., Orsák M., Hejtmánková A., Kovárová E. Evaluation of antioxidant activity and total 
phenolics of selected Czech honey. Food Sci. Technol., 43 (2010) 52–58.  
41. Pontis J.A., Costa L.A.A., Silva S.J.R., Flach A., Color, phenolic and flavonoid content, and antioxidant 
activity of honey from Roraima, Brazil. Food Sci. Technol. Campinas., 34(1) (2014) 69–73. 
42. Apia-Campos E., Saucedo M., Ramirez-Anaya J., Macias J., Physical-chemical characterization, phenolic 
content and consumer preference of Apis mellifera honey in southern Jalisco, 
Mexico. Interciencia.  42(9) (2017) 603–609. 
43. Bouhlali E., Bammou M., Sellam K., Ramchoun M., Benlyas M., Alem C., Filali-Zegzouti Y., Evaluation of 
antioxidants, antibacterial and antifungal activities of eleven monofloral honey samples collected 
from Morocco. J. Chem. Pharm. Res., 8(3) (2016) 299–306. 
44. Cabrera M., Perez M., Gallez L., Andrada A., Balbarrey G., Color, antioxidant capacity, phenolic and 
flavonoid content of honey from the Humid Chaco region, Argentina. Int. J. Exp. Bot., 86 (2017)124–
130. 
 
